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ORGANIC MATTER CHARACTERISTICS IN 
CONNECTION WITH THE PHYSICAL QUALITY IN THE 
DIFFERENT ORDERS OF CULTIVATED SEMIARID 
SOILS IN CENTRAL SPAIN
One natural soil and eight agricultural soils developed under 
xeric conditions and classified as Entisols, Inceptisols and 
Alfisols, were studied. The study area (Castilla-La Mancha, 
Central Spain) show an average altitude of 700 m.a.s.l., with 
a geological substrate consisting of a Paleozoic basement of 
quartzites and shales and Miocene deposits of continental 
origin. The temperature regime is Warm Temperate, and the 
hydric regime is Dry Mediterranean. All soils have similar 
apparent characteristics but differ in lithology and 
development. The aim of this work was to compare soil 
physical properties with the characteristics of the soil organic
matter, which is known to be a key factor in soil quality of 
semiarid soils.
Figure 1. a) Location of sampling sites (in shadowed: Castilla-La Mancha), 
b) study area, c) double-ring infiltrometer, d) Infiltration curves from arid
Mediterranean soils at central Spain.
Apart from standard agrochemical characteristics, a series of 
soil physical properties were studied in field and laboratory 
conditions (soil infiltration curves, water holding capacity, 
aggregate stability, bulk densities, textural analyses…). The 
soil humic acid was isolated and analysed by spectroscopic 
techniques and analytical pyrolysis carried out at 500 ºC in a 
Pyrojector-II (SGE Analytical Science) connected to a GC/MS 
system Finnigan Trace GC Ultra with a Trace DSQ mass 
spectrometer. The chromatograph was provided with an HP-1 
column (30 m × 250 µm), and the helium was adjusted to 1 ml 
min-1. The oven temperature was 50 ºC for 1 min,  then 
increased up to 100 ºC at 30 ºC min-1, from 100 to 300 ºC at 
10 ºC min-1 and isothermal at 320 ºc.
In general the humic acids yielded characteristic pyrolytic 
compound assemblages ranging along extreme patterns: 
from relatively simple pyrograms with alkylbenzenes and 
alkylphenols as major pyrolysis products, to pyrograms with 
large amounts of methoxyphenols (guaiacol, syringol and 
their methyl-, ethyl-, vinyl-, propenyl- and acetyl- derivatives) 
accompanied by more or less defined homologous series of 
alkanes, alkanedienes and, to lesser extent, fatty acids
The results were analyzed using data matrices with soil-
dependent characteristics managed both as raw variables or 
as ratios as regards the total soil organic matter content. 
Then, a series of simple and multiple regression analyses as 
well as multidimensional scaling were applied in the joint 
processing of soil physical characteristics and yields of the 
major pyrolysis compounds in an attempt to identify valid 
descriptors or to postulate functional relationships between 
soil organic matter characteristics and their bearing on the 
soil physical status. 
The results suggest the limited forecasting potential of 
simple pyrolytic compounds. In the sample set studied, 
some valuable hydrophysical and structural properties 
appeared to be correlated to humic structural factors 
suggesting a weakly-condensed humic structure with a 
substantial aliphatic domain. This is tentatively interpreted 
(assuming some cause-to-effect relationship) such as 
moderate hydrophobicity conferred to the humic acid by the 
alky domain, in addition to comparatively low condensed, 
flexible aromatic skeletal structures, are associated to active 
role in improving soil physical properties. To some extent, 
this contrasted with classical concepts suggesting that the 
substantial aromaticity of resilient soil organic matter of long
average residence time is directly related to their positive 
environmental role. 
Figure 2. Chromatographic separation of pyrolysis products, showing 
changes in relative abundance and distribution patterns of 
methoxyphenols. G: guaiacol, MG: methylguaiacol, EG: ethylguaiacol, 
VG: vinylguaiacol, PG: propenylguaiacol, AG: acetoguaiacone,S: syringol, 
MS: methylsyringol, ES: ethylsyringol, VS: vinylsyringol, PS: 
propenylsyringol, AS: acetosyringone.
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